A byproduct of experience with the artificial kidney was the detection of reversible electrocardiographic "currents of injury" in patients with electrolyte imbalance. These changes occurred irrespective of anatomic alterations and resembled the changes of acute pericarditis or myocardial infarction. The electrolyte basis for the "current of injury" was established by the prompt abolition of the RS-T segment elevations, when the electrolyte imbalance was corrected by means of artificial hemodialysis.
A byproduct of experience with the artificial kidney was the detection of reversible electrocardiographic "currents of injury" in patients with electrolyte imbalance. These changes occurred irrespective of anatomic alterations and resembled the changes of acute pericarditis or myocardial infarction. The electrolyte basis for the "current of injury" was established by the prompt abolition of the RS-T segment elevations, when the electrolyte imbalance was corrected by means of artificial hemodialysis.
AREGULAR electrocardiographic feature of moderately advanced potassium intoxication is depression of the RS-T segments. The erroneous inference of myocardial infarction is generally avoided because of the direction of the RS-T shifts, the clinical setting in which this phenomenon is recorded and its association with other electrocardiographic abnormalities distinctive of potassium intoxication. In a few exceptional instances of potassium intoxication, however, elevation rather than depression of the RS-T segments may be produced. The resultant "currents of injury" may seem much more suggestive of acute myocardial infarction or pericarditis than potassium intoxication. In four such cases recently observed at the Peter Bent Brigham Hospital these changes could be wholly or partially eliminated by dialysis with the artificial kidney. Because of the practical and theoretical implications of this phenomenon these experiences are presented in some detail. Case 1. J. C., a 40 year old electrician with acute renal failure due to carbon tetrachloride poisoning, was transferred to the Peter Bent Brigham Hospital after his electrocardiograms ( fig. 1 A) had shown tall, peaked T waves characteristic of potassium in-toxication. He gave no history of chest pain or compression. On examination the heart rate was 150, the cervical veins were distended, coarse bubbling rales were heard throughout the lung fields, a gallop rhythm was heard at the cardiac apex and the liver edge was felt two fingerbreadths below the right costal margin. Tracings recorded on the afternoon of admission showed sinus tachycardia ( fig. 1 B) , with left bundle branch block. The RS-T segments in leads V,, V2 and lead aVR showed rather pronounced elevation, probably more than could be accounted for purely on the basis of left bundle branch block. Later in the afternoon the heart rate was 108 and the cardiac rhythm irregular and disturbed by runs of probable paroxysmal ventricular tachycardia. Over the right precordium the RS-T segment elevation was now more pronounced and associated with deep broad Q waves ( fig. 1 C) . The persistence of these changes was regarded as strong evidence for a "current of injury" and, it was believed, could not be attributed to left bundle branch block. At 6:40 p.m. hemodialysis was begun. At this time the serum potassium level was 7.8 mEq. per liter, sodium 127 mEq. per liter and the carbon dioxide content 9 mM per liter. Because the patient had marked pulmonary edema, the concentration of sodium in the bath fluid of the artificial kidney was maintained at 127 in order to avoid sodium loading in the presence of heart failure. The bath potassium concentration was initially set at 2 mEq. per liter but following the development of arrhythmia, was raised to 5. Two hours after the beginning of dialysis when the serum potassium level had fallen to 2.6 mEq. per liter and the sodium level had remained at 128 mEq. per liter, the electrocardiogram showed striking improvement. A supraventricular tachycardia (ventricular rate 210) had developed, the QRS complex had sharpened and shortened and the RS-T segment shifts over the right ventricle had almost disappeared ( fig. 1 D) V3 . At times there developed electrical alternans with alternation in the degree of elevation of the RS-T segments and in the direction of the T waves. The lowest strip in this figure shows a prolonged recording of this phenomenon. It is noteworthy that the T waves were upright when the RS-T "take-off" was higher and inverted when the RS-T "take-off" was lower. There was some variation in the amplitude of the QRS complexes but this was irregular and nonalternating. The respiratory rate was 24 and thus not an integral fraction of the heart rate (85). It seems reasonable, therefore, that this is a true example of electric alternans involving the T wave segment only, unrelated to cardiorespiratory synchronization. It was believed that though these tracings were com- patible with right bundle branch block, the RS-T segment elevation could not be explained on that basis. These changes receded after dialysis with the artificial kidney, but returned on the following day in more severe form.
Three days later his condition deteriorated and he was again dialysed. not heard. Electrocardiograms showed elevated RS-T segments in the left precordial leads characteristic of pericarditis ( fig. 5, A) . At the same time the T waves over the right precordium were tall and peaked, suggesting potassium intoxication. During this hospitalization the serum potassium level ranged from 3.8 to 5.2 mEq. per liter, the serum sodium ranged between 124 and 142 mEq. per liter but was usually low. Carbon dioxide varied from 10.3 to 21.1 mM per liter and was generally below normal. Two days after admission the tracings showed the development of auricular flutter ( fig. 5, B) ; this arrhythmia disappeared when the patient was digitalized. On the following day the patient was treated with the artificial kidney. At the end of the first hour the peaked T waves had disappeared ( fig. 5, C) but slight RS-T segment elevation persisted. However, five hours later, at the end of the dialysis, the RS-T segment elevation was replaced by RS-T segment depression ( fig. 5, D) , with a contour suggesting the effect of digitalis. The following blood chemistry values were determined immediately before and after the dialysis. Since the concentration of potassium in the bath fluid was fig. 6, A) , there were RR' complexes and elevated RS-T segments in leads V, to V4. This change persisted until the time of the dialysis. Tracings taken after the procedure ( fig. 6, B) showed disappearance of these changes. They did not recur ( fig. 6, C) , although the peaked T waves continued. The 
DIscussIoN
Previous studies have demonstrated that depression of RS-T segments in certain of the precordial and limb leads and, frequently, elevation of the RS-T segments in lead aVR are observed in moderately advanced potassium intoxication, and that these shifts may be eliminated by hemodialysis with the artificial kidney.1. 2, Some of the patients described in these earlier reports showed, as well, elevation of the RS-T segments in lead V, (figs.
2, 3, 5 and 9 of the first report,' fig. 3 of the second2) or in lead V2 (fig. 4 of the third paper3).
These changes were generally associated with intraventricular block. They were never widespread or profound enough to have suggested myocardial infarction or pericarditis but in the last case listed the possibility was suggested that they might be due to acute cor pulmonale. In one of a series of studies dealing with conditions that may be mistaken for myocardial infarction, Myers4 presented a case of potassium intoxication which showed, in addition to the more usual manifestations, an apparent elevation of the RS-T junction and a cove-like RS-T segment and T wave in lead aVL resembling that seen in myocardial infarction. Comparison with other leads, however, showed that this shift was recorded within, and was thus part of, a prolonged QRS complex; this change was thus referable to the conduction defect of potassium intoxication and not a sign of infarction. Following this lead, all tracings in the present series were re-examined to determine whether the RS-T segment shift was an apparent rather than real one and produced in a slurred prolonged QRS complex; but this possibility could not be confirmed in any of the cases here presented.
In cases 1 and 4 the sequence was somewhat muddied by the development of acute cor pulmonale which may conceivably have contributed, in part, to the electrocardiographic picture. RS-T segment elevation in the right precordial leads may develop as a reciprocal change to RS-T segment depression over the left precordium. This may occur in left bundle branch block and may account for some (a small part, it is believed) of the RS-T segment elevation in leads V1 to V4 in case 1. But these RS-T segment shifts cannot be explained by the development of incomplete right bundle branch block such as was recorded in cases 2 and 4. There is nothing about right bundle branch block as such, complete or incomplete, which would be expected to result in elevation of the RS-T segments over the right precordium.
In some cases the sole electrocardiographic evidence of acute cor pulmonale may consist of inversion of the T waves over the right precordium, with, in rare instances, elevation of the RS-T segments in the same region. The possibility that the changes in cases It has been demonstrated in the experimental animal that subendocardial injection of potassium salts results in RS-T segment depression in leads related to the overlying epicardium,5' 6 while the subepicardial injection of potassium salts5' 6 or their application to the pericardial surface' produces RS-T segment elevation in the same leads. There is no evidence that the blood perfusing the deeper layers of the ventricular wall has a different potassium content from that bathing the more superficial layers. From the fact that in moderately advanced potassium intoxication RS-T segment depression is generally recorded in the precordial leads and RS-T segment elevation in lead aVR (to which, in general, more of the endocardial potentials are projected) and from the fact that block in the subendocardially located bundle branches may be recorded occasionally during the development of potassium intoxication, it was suggested, by exclusion, that this phenomenon may be explained by the greater vulnerability of the subendocardial laminae to the toxic effect of potassium.2 This has not been proved.
One of the major struts of the science of electrocardiography has been electrocardiographic-pathologic correlation. For years electrocardiographers have sought vindication in the anatomic verification of their deductions from the electrocardiogram. The RS-T segment shifts of acute myocardial infarction and acute pericarditis, for example, are assumed to result from anatomic changes in the myocardium. At times electrocardiographic changes characteristic of either of these conditions are not associated with histologically demonstrated lesions. In explanation of this discrepancy, it has at times been averred that the lesion is still in its "biochemical phase"; the anatomic phase has not yet been attained. In the past such claims have been made rather loosely, on a priori grounds. But support for this attitude has recently been offered by the results of the new technics of histochemistry. The studies of succinic dehydrogenase activity by Wachstein and Meisel8 and those of Yokoyamo and co-workers,9 using a histochemical technic, demonstrated reduction in enzyme activity in the early hours after experimentally induced or spontaneous myocardial necrosis. This reduction in enzyme activity frequently extended to fibers which showed no significant changes with routine staining technics.
Another new technic is dialysis with the artificial kidney. This procedure was introduced as a practical approach to the correction, for longer or il esseva possibile in omne quatro casos eliminar iste "currente de lesion" completemente o extensemente per medio de hemodialyse artificial in le ren artificial. Iste facto sublinea le origine ultimemente chimic del alterationes sub discussion, si o non illos es associate con alterationes anatomic.
In casos de patientes qui monstra intoxication a kalium, on debe considerar le possibilitate de un confusion con acute infarcimento myocardial.
